Background: Conventional cut-offs for hypertension are arbitrary, and vascular complications can occur below these values, particularly in diabetes. Aim: To evaluate systolic blood pressure (SBP) distribution in diabetes and control populations, comparing hypertension prevalence using either conventional cut-offs (140 and 160 mmHg) or ageadjusted centile (75 th and 90 th ) cut-offs derived from the control population. Methods: We compared 2521 individuals with diabetes to 5809 controls, after excluding those on anti-hypertensives and with established vascular disease in both groups. Results: Diabetic individuals were older (mean AE SD 56 AE 16 vs. 43 AE 16years, diabetes vs. controls), and had higher BMI (29 AE 5 vs. 24 AE 4 kg /cm 2 ) and SBP (145 AE 23 vs. 131 AE 18 mmHg, all p < 0.001).
Introduction
Hypertension is an important risk factor in the development of vascular complications, effective treatment reducing the risk. 1, 2 Whether systolic or diastolic blood pressure confers greater risk has been a matter of debate, but mounting evidence from prospective trials indicates that systolic blood pressure (SBP) is more strongly related to vascular events, including death. 3, 4 There is strong established evidence on the effectiveness of anti-hypertensive intervention using discrete cut-offs.
1,2 Nevertheless, the relationship between blood pressure levels and vascular risk is continuous and curvilinear, so the definition of when raised blood pressure is hypertension is arbitrary, whether diabetes is present or not. 5 It therefore follows that vascular complications can occur at blood pressure values lower than those designated as hypertension. The evidence for this is established in people with diabetes, 6, 7 and may also exist in the general population. 8 Blood pressure rises with age, 9, 10 and the use of age-adjusted blood pressure nomograms to define hypertension overcomes an important factor contributing to SBP. Such nomograms are widely used in defining hypertension in children, but not in the adult population. Furthermore, the generally held clinical impression that the prevalence of hypertension is greater among people with diabetes than in those without, has not been consistently confirmed by epidemiological studies. 11 Even then, any relationship is complex and not fully explained by age and BMI.
The aim of our study was thus to evaluate the SBP distribution in an adult population with diabetes (compared to a control population) using two different definitions for hypertension: either the conventional SBP cut-offs (140 and 160 mmHg) or by 75 th and 90 th centile values (C75c and C90c) derived from an age-adjusted control population.
Methods
The diabetes population was drawn from the Wolverhampton district diabetes register. This is a community-based register recording demographic, clinical and biochemical characteristics of patients at every annual review. Of the 6485 adults (>18 years) with diabetes, 2521 were selected, after excluding those on anti-hypertensive therapy and/or with known ischaemic heart disease, cerebrovascular disease, elevated serum creatinine or blindness. The control population was derived from the UK Health and Lifestyle Survey database, held at the University of Essex, UK.
12 From a cohort of 10 000 individuals, 5809 were selected after applying similar exclusion criteria as above, as well as excluding people with diabetes. The exclusions were done to aid the definition of well-matched groups, excepting the presence of diabetes. Thus we avoided the confounding of SBP values by anti-hypertensive therapy and established vascular disease.
In both population study groups, trained professionals using automatic blood pressure measuring instruments took seated, resting (5 min) blood pressure measurements and the lowest of multiple readings obtained was used. In the diabetes group a Dinamap XL was used, compared to an Accutorr in the control group. Both monitors meet the standards of the American Association for the Advancement of Medical Instrumentation and the more comprehensive protocol of the British Hypertension Society. For this study, we compared two arbitrarily chosen centile values derived from the control population (75 th and 90 th ) to two discrete thresholds (140 and 160 mmHg) for SBP.
Results are presented as means AE SD for continuous data and % for categorical variables. The significance of the difference in means between groups was determined by one-way analysis of variance, and the difference in proportions by the w 2 test. Stepwise multivariate logistic regression analysis was used to find the subset of risk variables that best explained the presence of hypertension. Where significant variables were identified, these were adjusted for in subsequent statistical analyses. Statistical analyses were performed using version 10 of the Statistical Package for Social Sciences (SPSS UK) and were considered significant at the 5% level. Approval from the Local Research and Ethics committee was obtained for this study.
Results
The results of the baseline characteristics between the diabetes and control population are summarized in Table 1 . The diabetes group was significantly older, heavier and had more males than the control group (p < 0.001). These factors were adjusted for in subsequent analysis. The majority of the diabetes population had type 2 diabetes (1841/2521, 73%).
Overall, SBP was significantly higher in the diabetes group than in controls (145 AE 23 mmHg versus 131 AE 18 mmHg, F ¼ 191.8, p < 0.001). The overall mean SBPs were 143 AE 21 vs. 135 AE 17 in males (p < 0.001) and 147 AE 25 vs. 128 AE 19 in females (p < 0.001). Using conventional SBP cutoffs, 58% vs. 28% (diabetics vs. controls) exceeded 140 mmHg and 25% vs. 8% exceeded 160 mmHg (w 2 ¼ 790.4, p < 0.001). For males alone (diabetics vs. controls), 54% vs. 34% and 22% vs. 8% exceeded 140 and 160 mmHg, respectively (p < 0.001) and for females (diabetics vs. controls), 61% vs. 22% and 29% vs. 7%, respectively (p < 0.001).
On multivariate stepwise regression analysis (F ¼ 833.9, p < 0.001), age (R 2 ¼ 0.23) was identified to be the most significant independent factor contributing to SBP. Additional significant factors were BMI (R 2 ¼ 0.28, including age), gender (R 2 ¼ 0.29, including age and BMI) and diabetes To account for the significant variables, the diabetes and control groups were divided into comparable decade age-bands, and the results further analysed by gender, with statistical weighting for BMI ( Table 2 ). Mean SBP rose significantly from 125 mmHg in the 18-29-year-olds to 153 mmHg in the >70-year-olds in the control group (F ¼ 323.7, p < 0.001) and from 130 mmHg to 156 mmHg, respectively, in the diabetes group (F ¼ 71.4, p < 0.001). At each of the age bands (overall and by gender), the SBP of the population with diabetes significantly exceeded that of the control group (p < 0.05) and the proportion exceeding the two conventional SBP cut-offs followed a similar pattern.
The 75 th and 90 th centile SBP values (C75c and C90c) of the control population in various age bands, together with gender breakdown, are shown in Table 3 . The distribution of SBP by age bands in the diabetes group, its relationship to conventional cut-offs of 140 and 160 mmHg and to the age-adjusted C75c and C90c derived from the control group are shown in Figure 1 .
The patterns of hypertension prevalence by age in the diabetes group, based on definitions using conventional cut-offs (140 and 160 mmHg) and the C75c and C90c derived from the control group, are shown in Figure 2 (also see Table 3 ). While the prevalence of hypertension using conventional cut-offs continuously rose with age, the prevalence defined by age-adjusted centile cut-offs only rose until 40 years, beyond which it first levelled off, and then fell with increasing age. Comparing C75c to 140 mmHg as definitions for hypertension in diabetes, the prevalence of hypertension was higher with the former until the age of 50 years, after which the pattern reversed. A similar picture emerged when C90c and 160 mmHg were compared, although the point of intersection shifted to the next decade. There were no differences in the patterns observed when sub-analysed by gender. In the younger cohort ( < 50 years), in particular, the centile cut-offs identified 7% more patients as potentially hypertensive, compared to the conventional cut-offs. 
Discussion
Our paper is intended to explore the potential to expand the understanding of the definition of hypertension in a population with diabetes with particular emphasis on those aged < 50 years. We do not intend to challenge the robust data on hypertension definition and intervention that currently exists using conventionally defined cut-off values.
As observed in previous studies, 9,10 SBP rose with age in our diabetes and the control populations. Our diabetes population had significantly higher SBP than controls at every age band, even when sub-analysed by gender. The increased incidence of hypertension in diabetes has not been consistently confirmed by epidemiological studies. [13] [14] [15] [16] Furthermore, methodological problems, including the poor definition of characteristics that might influence blood pressure make interpretation of such studies difficult. 11 We have accounted for such confounding factors and for the differences in composition of the groups, thus minimizing any impact this may have on our results, by sub-analysis by age bands and statistically weighting for BMI, and excluding Table 3 for actual values of the centile cut-offs and Figure 2 for the proportion of individuals above the age-specific thresholds. (17) 171 (9) 171 (25) >70 167 (27) 165 (19) 170 (34) 183 (10) 182 (8) 184 (13) those with established vascular disease or on antihypertensive therapy in both groups.
Our results suggest that the use of controlpopulation-derived age-adjusted SBP centile cutoffs may provide an alternative understanding of hypertension in diabetes. Using such centile values to define hypertension in our diabetes population, we observed a greater frequency of hypertension in the younger cohort ( < 50 years) and lower frequency in the elderly subjects compared to the conventional SBP cut-offs.
While the role of hypertension in the pathogenesis of diabetic complications 17 is well understood, the fundamental question of how to define hypertension is still unclear. The relationship between blood pressure values and vascular risk is continuous, and therefore current definitions for hypertension are discrete and arbitrary. There is however clear evidence for the effectiveness of intervention with anti-hypertensives using discrete cut-offs to define hypertension. 1, 2, 18, 19 The application of centile cut-offs identified fewer subjects as hypertensive in the elderly. However, there are many studies in this group which have proven the benefit of anti-hypertensive intervention using conventional cut-offs, 20 and it is not our aim to dispute this. We accept that, while the age-adjusted centile SBP values may overcome the impact of age, their use to predict vascular risk is completely unknown.
However, there is a pressing need for early identification of hypertension, at least in younger patients with diabetes, considering their duration of exposure to the risk of hyperglycaemia. Vascular complications can occur at blood pressure values lower than those designated as hypertensive, certainly in diabetics 6, 7 and possibly also in the general population. 8 Furthermore, the increasing recognition of type 2 diabetes in young adulthood who can also develop serious complications as early as in the third decade of life, 21, 22 implies that conventional cut-offs may potentially miss some people with a need for hypertension intervention. The use of control-population-derived age-adjusted centile cut-offs, which identified 7% more patients as potentially hypertensive in the under 50 years cohort, may bring additional focus on this problem.
By using age-specific thresholds, as opposed to fixed thresholds for a variable that rises with age, our results may seem statistically unsurprising in identifying higher proportion of hypertensives in the young. However, they do not undermine the potential clinical importance to this cohort. Furthermore, the knowledge that blood pressures tend to remain in the same quartiles as individuals' age ('blood pressure tracking'), 23 and that such individuals also have unfavourable cardiovascular risk at an early stage, 24 would suggest an additional role for age-specific thresholds. Clearly, trials will be needed to validate this approach. Similarly, the question as to which centile threshold would predict risk most appropriately, would also need outcome trials. While the majority of our < 50 years group had type 1 diabetes, we did find 47% with type 2 diabetes (21%, 32% and 67% in the 18-29, 30-39 and 40-49 year bands, respectively). While the differing underlying pathogenesis of type 1 and type 2 diabetes could have influenced blood pressure distribution, we did not find type of diabetes to have a significant independent effect on blood pressure on multivariate regression analysis. Others have similarly shown time-related and other biophysical variables (age, BMI, duration) to have the highest impact on blood pressure, and indeed when matched for them, the prevalences of vascular complications were not different between the two types of diabetes. 25 We therefore believe that the application of centile cut-offs may have an impact to the younger individuals with diabetes, regardless of type.
In summary, current definitions for hypertension are arbitrary and do not take into account factors such as age. There is established evidence on the effectiveness of intervention with anti-hypertensives using such discrete cut-offs to define hypertension. We present a supplementary approach to define hypertension using control-population-derived ageadjusted centile SBP values, which may be of particular use in younger patients with diabetes. Whether such centile values predict vascular risk, and whether interventions at such cut-offs improve outcome, is unknown and requires investigation.
